Perceived Effort of Walking F atigue is associated w^ith functional limitations, disability, mortality, and other adverse outcomes in older adults.^-^ Fatigability is the feeling of fatigue related to a specific task, such as walking.'' Fatigability relates a change in fatigue to a change in the intensity, duration, or frequency of activity. Ferrucci* conceptualized the idea of fatigability by categorizing total energy that can be expended for a day into component parts: resting metabolic rate, energy cost of daily activities (eg, activities of daily living [ADLs] , walking, talking, and thinking), and functional reserve.'^ A greater feeling of fatigue could result from an increase in resting metabolic rate or an increase in the energy cost of daily activities (or both) that reduce the functional reserve of energy. A reduction in reserve energy capacity means that an older adult expends a greater proportion of his or her maximum energy for life support and necessary daily activities.s-M any of the daily activities of older adults involve walking.ss" Thus, compared with an older adtilt without gait abnormalities, an older adult with gait dysfunction expends greater effort on daily tasks'° and, therefore, is more likely to perceive greater fatigability.
According to Robertson and Noble," perceived exertion is defined as the subjective intensity of effort, strain, discomfort, and fatigue experienced during physical exercise. The Rating of Perceived Exertion (RPE)'^ provides a global quantification of an individual's effort or fatigue, taking into account physiological, psychological, and performance factors. ^T he RPE scale has been correlated (r=.80-.90) with several physiological measures of performance effort, including heart rate during activity.'T he RPE scale is currently being used in a validation study of the National Institutes of Health Patient-Reported Outcome Measurement Information System project to record perceived fatigue or effort before and after walking activity (eg, Six-Minute Walk Test) in people with congestive heart failure before and after a heart transplant. 'Â lthough many measures of walking are available for clinicians to describe a patient's walking performance (eg, speed and gait characteristics, distance walked, need for assistance, and severity of abnormalities), most do not capture fatiguability, or the patient's perception of the effort of w^alking. In our clinical experience, people who walk at 1.0 m/s'5.i6 or who can walk 45 m (150 ft) (Functional Independence Measure'"^) or 330 m (capable of community ambulation'^) sometimes achieve similar levels of w^alk-ing ability through different means and with various degrees of effort in performance (unpublished data). Fatigability, or perceived effort of walking, may be an important modifier of what a person does versus what the person can do in daily life.'9 The impact of interventions to improve gait on activity and participation may be influenced by a patient's perception of the ability to walk. Thus, if walking is perceived to be effortful, regardless of the ability to walk at an adequate speed and for an adequate distance in daily and commtinity activities, then an older adult may limit (ie, do less) physical function in daily Ufe and physical activity for recreation and promotion of good health.
The purpose of this study was to determine the relationship of perceived effort of walking with gait and mobility-related physical function and activity, fear of falling, and confidence in walking in older adults with mobility limitations. We expected greater perceived effort of walking to be associated with poorer gait and physical function, less physical activity, greater fear of falling, and less confidence in walking.
Method
This cross-sectional study of the relationship of perceived effort of walking with measures of gait, physical
The Bottom Line What do we already know about this topic?
Rating of perceived exertion (RPE) has been used as a comprehensive measure of a person's self-reported effort or fatigue experienced during exercise, and it is related to physiological measures of performance.
What new information does this study offer?
This study found the RPE to be a useful measure in capturing perception of effort in walking, which is not represented by other clinical measures of walking performance (eg, speed and gait characteristics, distance w^alked, assistance, severity of abnormalities, confidence).
If you're a patient, what might these findings mean to you?
In older adults with some walking problems, perceived effort of w^alking is related to confidence in walking and physical activity and may be an influence on physical function in daily life. function and activity, and psychological factors of walking performance involved the baseline data recorded for a randomized controlled trial of 2 therapeutic activities to improve 'walking in older adults with slo'w and variable
Participants
The study participants ( Fig. 1) were 65 years of age or older and were able to w^alk independently w^ith or without the use of a straight cane. Participants gave informed consent and provided written evidence of medical clearance from their physicians to participate in the low-to moderate-intensit)' exercise interventions used in the study. The MiniMental State Examination (MMSE) was used as a brief screening measure of cognitive function necessary to provide informed consent for participation. An MMSE score of >23 was required to be eligible to participate in the study. 2' The older adults who were eligible to participate demonstrated slow (gait speeds of 1.0 m/s but >0.6 m/s22) and variable gait. Abnormal gait variability was defined as either a step length coefficient of variation of less than 4.5%^' or a step width coefficient of variation of less than 7% or greater than 30%^' *; these values were based on gait recorded over an instrumented walkway (see below). Demographic data on age, sex, highest educational level completed, and comorbidities were collected by participant report. A brief medical history was recorded using the Comorbidity Index. Participants reported whether a physician had ever told them they had any of 18 common conditions expected to have an impact on physical function using the Comorbidity Index.-'
Measures
The perceived effort of walking was measured as the RPE. Participants rated the perceived effort of walking using the Borg RPE scale'^ after a short 'walking task (total walk distance, -15 m [-50 ft]) at a selfselected, comfortable pace. The RPE scale values ranged from 6 ("no exertion at all") to 20 ("very, very hard exertion").'2 The RPE scale has been shown to have reproducibility for describing perceived exertion status and changes in perceived effort of performance in adults, including older adults in good health, and in people with various clinical disorders. The RPE scale has been validated by comparison 'with several measures of physiological performance effort" as well as measures of standing balance and a stair Gait. Gait was measured in various ways: gait speed and variability. Modified Gait Abnormality Rating Scale (GARSM), and energy cost of walking.
Gait speed was recorded on a 4-m instrumented walkway, the GaitMatll (E.Q. Inc, Chalfont, Pennsylvania),28 with 2-m noninstrumented walkway segments at each end to allow for acceleration and deceleration. After 2 practice trials, data were collected during 2 trials on the walkway. The gait speed recorded was the average of the speeds in the 2 trials. 29 The coefficients of variation for step length and step width variability were derived from the standard deviation of all right and left steps recorded during the 2 walks and were calculated as follows: (mean standard deviation/mean step length or step width) X 100%.äOä»
Step length and step width variability was used to determine eligibility for the study and not as an outcome measure.
Perceived Effort of Waiking
Gait speed determined over the instrumented walkway was show^n to have test-retest reliability (intraclass correlation coefficient [ICC] = .78) and concurrent validity by comparison v^'ith mean gait characteristics (eg, step length, step width, and stance time)*^ and predictive validit)' for physical disability, institutionaHzation, and death.^ss-ss A meaningful change in gait speed has been determined through several corroborating methods (substantial change=0.1 m/s; small change= 0.05
The GARSM, a 7-item, observational rating of gait abnormalities, was used as a measure of gait dysfimction related to a risk of falling in community-dwelling older adults.ä'^'s Gait abnormalities, variability, guardedness, staggering, foot contact, hip range of motion, shoulder extension, and arm-heel-strike synchrony were determined from a videotape recording of a participant walking for a short distance. A physical therapist (1 of the authors) who was experienced with using the GARSM rated the abnormalities using the criterionbased scale (0-3 points) for each item. Total scores ranged from 0 to 21, with higher scores indicating poorer gait performance. When performed by experienced assessors, the GARSM has been shown to have excellent reliability (ICC =.95-.99).'^ Concurrent validity for the GARSM has been demonstrated with gait characteristics.^^ The GARSM score can be used to distinguish between older adults with and without a history of recurrent fall risk with a sensitivity of 62.3% and a specificity of 87.1% at a cutoff value of 9 (determined from a receiver operating characteristic curve).'» The energy cost of walking was used as a physiological measure of the energy necessary for an older adult to walk. The energy cost of walking (mL/kg-m) was derived from the rate of oxygen consumption (mL/ kg-min)-determined by opencircuit spirometry and analysis of expired gases with a VO2000 portable metabolic measurement system (Medgraphics, Minneapolis, Minnesota)-divided by gait speed (m/min). The rates of oxygen consumption during 3 minutes of treadmill walking at a self-selected pace and a physiological steady state were averaged.'»-"*' Participants were allowed 1 or 2 trial sessions to become accustomed to the treadmill before oxygen consumption measurements were taken. Trial sessions to establish familiarity with the treadmiU w^ere completed in 1 or 2 visits in less than 1 week.
The lower the energy cost of walking, the more efficient the gait.'^O''Ŵ e used standardized methods for deriving the energy cost of walking from the oxygen consumption during a physiological steady state, as established in previous studies.'^^-"^-^'' When derived with standardized methods, the energy cost of walking (mL/kg-m)''2.48 ¡^ ^ reproducible measure of the metabolic cost of gait,39.49.5o jiyQ measure of the energy cost of w^alking is influenced little, if at all, by changes in oxygen consumption related to improved fitness secondary to aerobic exercise*5.5o and can be compared at different time points and across different people, regardless of changes in gait Physical function. Physical ftmction was measured with the Late Life Function and Disability Instrument (LLEDI). The LLFDI questionnaire was used to record self-reported physical function and disability.'" The total function component (LLFDI function component) included 32 questions about a person's ability to perform motor activities typical of dauy life tasks. Two subscales of the function component were also used: the basic lowerextremity function subscale for activities that involve standing, stooping, and basic walking tasks; and the advanced lower-extremity function subscale for activities that require greater physical ability and endurance. Item scores ranged from 5 ("no difficulty in task performance") to 1 ("unable to perform the task"). Raw scores w^ere transformed to a 100-point scale, with higher scores indicating better function. The LLFDI function component has been shown to be reliable
The LLFDI for disability limitations (LLFDI disability component) w^as used to define the extent of difficulty that the older adults experienced in carrying out a variety of daily Ufe tasks.5i Item scores ranged from 5 ("not limited at all") to 1 ("completely limited"). Raw scores were transformed to a 100-point scale, with higher scores indicating better capability. The reproducibility of the LLFDI disability component has been reported to be greater than .80.'T he validity of the LLFDI function and disability components has been demonstrated by comparison with the activity and participation domains of the International Classification of Functioning, Disability and Health.^^ In an exploratory factor analysis, the LLEDI physical function items loaded on 3 factors; 2 in the activities domain, mobility activities and daily activities, explained 24.4% and 24.3% of the variance, respectively, and 1 in the participation domain, social/participation, explained 12.4% of the variance. Thus, 61.1% of the total variance was explained.53 Meaningful change in LLFDI components has not been defined.
Physical activity. Physical activity was measured in various ways: activity and restriction subscales of the Survey of Activities and Fear of Fall-ing in the Elderly (SAFFE) and activity counts over 7 days.
The SAFFE questionnaire (administered in interviews) was used to determine how many of 11 usual daily activities the older adults performed (SAFFE activity subscale) and how many of the 11 activities they performed less than 5 years prior (SAFFE restriction subscale) because of a fear of falling. Internal consistency (Cronbach alpha=.91) and validity for fear of falling during usual daily activities were previously reported. 5' * Physical activity during daily activities was recorded with a CSA/MTI Actigraph accelerometer (Actigraph, Pensacola, Florida) worn at 'waist leveP5.56 during aU waking hours for 7 consecutive days. Activity counts were recorded in counts per minute, wliich represented the mean activity counts per day, divided by the mean minutes worn per day, averaged over days worn. Accelerometers have been shown to have reliability for movement activity, providing more precise measures of walking than pedometers.''^ The Actigraph accelerometer has been validated in a comparison with metabolic measures (r= .66-.89)58 and by the detection of differences in activity for walking on a treadmill or a track at a self-selected pace, including sensitivity to changes in gait speed.'F ear and confidence. Fear and confidence were measured with the SAFFE fear subscale and the Gait Efficacy Scale (GES).
The SAFFE fear subscale was used to record a participant's rating of fear of falling during each of 11 daily activities. The SAFFE fear subscale ratings, from 0 ("no fear at all") to 3 ("very worried"), for the 11 activities performed were averaged to yield the SAFFE fear subscale score. Higher SAFFE fear subscale scores represented greater fear of falling.'''
The GES was used to record confidence in walking under several challenging circumstances (eg, walking over grass, stepping onto and off of a curb, and going up and down stairs with and without a rauing). Each of 10 items 'was scored from 1 ("no confidence") to 10 ("complete confidence in the ability to perform the walking task"), for a possible score range of 10 to lOO.^o The test-retest reUability GCC) of the GES has been reported to be .93, and the construct validity of the GES has been demonstrated for gait performance (r= .49 -.71), physical function (i?=.59-.82), and mobility-or balance-related confidence and fear (r=.49-.87).^"
Data Analysis
All statistical analyses were performed with PASW Statistics, version 18 (SPSS Inc, Chicago, Illinois). Means and standard deviations for baseline characteristics of all participants 'were determined. The relationship of the RPE of walking with gait, function, activity, fear, and confidence 'was defined using Spearman rank order coefficients. Older adults 'were then classified into 1 of 2 RPE groups: those 'who reported no exertion during 'walking (RPE of 6; 13 participants) and those who reported some exertion during walking (RPE of 5:7; 37 participants). An analysis of covariance model with age and sex as covariates was used to determine mean differences between RPE groups for each variable.
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Results

Baseline Characteristics of Participants
The mean age of the participants 'was 76.8 years (SD=5.5). Approximately one third of the participants were men, and nearly three quarters of the participants had education beyond high school. The older adults studied had some comorbidities and mobility limitations, including slow gait and step width or step length variability, consistent with the eligibility criteria (Table) .
The mean gait abnormalities determined with the GARSM 'were double the mean gait abnormalities characteristic of community-dweUing older adults without gait dysfunction.^« The mean energy cost of walking was 0.30 mL/kg-m, nearly twice the energy cost of normal walking.''^ The mean SAFFE fear subscale score for the participants was at a level associated with fear of falling but not usually restricting activities because of fear54 (Table) .
Relationship of Perceived Effort of Walking With Gait, Function, Activity, Fear, and Confidence A greater perceived effort of walking (RPE) was associated with greater physical activity (activity counts, r=.3O, P=.O4) and less confidence in walking (GES, r=-.33, P=.O2) and was marginally related to fear of falling (SAFFE fear subscale, r=.26, P=.O7). The RPE was not correlated with gait characteristics or physical function, but the nonsignificant association was in the expected direction for the relationship, such that the greater the reported effort of walking, the poorer the performance or the report of physical function (Table) .
RPE Group Differences (No Exertion Versus Some Exertion)
Although there were no differences in gait performance, there were differences in physical function and Perceived Effort of Walking .5) 33 (66) 45 (90) 35 (71) 4.3 (2.0) 28.7(1.4) 44 (88) 31 (62) 8. ' Comorbidity^^ cata were available for 46 participants. '' Number (percentage) of participants with a step length GV of greater than 4.5%. " Number (percentage) of participants with a step width GV of less than 7% or greater than 30%. ' Data on the energy cost of walking were available for 48 participants. Í'Activity counts were available for 47 participants.
psychological factors between older adults who reported no exertion during walking and older adults who reported some exertion during walking (Fig. 2) . Participants who reported no exertion during walking displayed greater physical function (as indicated by aU components of the LLFDI), less fear of falling, and greater confidence in walking; P values for all adjusted mean differences were less than .05 (Figs. 2B and 2D ).
Discussion
The intent of the present study was to explore the relationship of perceived effort of walking with gait performance, physical function and activity, fear of falling, and confidence in walking in older adults. Between-group differences for the group with a Rating of Perceived Exertion (RPE) indicating no exertion during walking (an RPE value of 6; 13 participants; black bars) and the group with an RPE indicating some exertion during walking (an RPE value of >7; 37 participants; blue bars). The median RPE was 9 (range=7-15). be associated w^ith reported physical activity, physical ftmction, and functional difficulties^"* and to partially mediate the impact of physical activity on functional limitations.^^ jhe previously determined associations of self-efficacy, fear of falling, and physical function and the relationship of RPE and confidence in walking demonstrated in the present study highlight the potential importance of designing intervention approaches to improve walking and to address these personal factors as well. The marginal relationship between perceived effort of walking and activity-related fear of falling cannot predict w^hether a person's perception of effort of walking will lead to fear in the performance of daily activities, but perceived energy deficits have been shown to influence a person's decision making and risk taking.' 5<5
We did not expect the positive relationship between perceived effort of •walking and physical activity. We can only speculate about the reasons for the relationship between greater perceived effort of •walking and greater physical activity in daily Ufe. It is possible that older adults who are more active have greater exposure to walking activity and therefore are better able to "judge or rate" their perceived effort. Older adults who reported some exertion during walking demonstrated poorer physical function, specifically with ADLs, than older adults who reported no exertion during walking (Fig. 2) Some of the older adults with the slowest gait speeds and several gait abnormalities reported the lowest RPE for walking. Perceived exertion is relative to an individual's usual daily experience. Our interest in exploring the use of the RPE for walking was to capture the walking experience of older adults with mobility limitations. It is possible that the older adults recalibrated their perception of "usual effort" for w^alking through the experience of walking with substantial gait abnormalities for a sustained period. Because gait speed decline is often progressive, we believe that many of the older adults with the slowest gait speeds had experienced walking difficulties for a substantial length of time. Because of their experience with gait dysfunction, they might have become accustomed to the level of effort of walking'^o and, therefore, might have reported the current level of effort to be little or no exertion during walking. Interestingly, the older adults w^ith gait speeds below the median for the sample (<0.89 m/s) had the most gait abnormalities and the greatest energy cost whue reporting that walking required no effort (RPE=6).
Perceived Effort of Walking
Limitations of the Study One limitation of this research is the narrow range of RPE values reported. Although it is true that the majority of RPE values reported fell between 6 and 9 (range=6-15), w^e believe that the ratings were representative of the sample, which included older adults with mild to moderate difficulties with gait. The correlations of RPE with gait, physical function, and psychological aspects of walking might have been negatively affected by the restricted range of RPE scores for the majority of the sample, meaning that the real relationships might have been more significant than the reported ones but were not likely to be less significant. A further limitation is that we do not know the aerobic capacity, total energy expenditure, or duration of walking difficulties for the older adults studied; thus, we are unable to substantiate our interpretation of the potential impact of each of these factors on the relationship found for RPE.
The method used with the RPE scale in the present study was the estimation paradigm, which involves the quantification of perceived effort at a self-selected walking speed. Euture research with the RPE scale might include the use of the production paradigm method, which involves people performing a walking task at designated RPE levels,'^' and examination of gait characteristics and gait abnormalities in people at different RPE levels.
Conclusion
The perceived effort of walking was associated with physical activity and confidence in walking. Older adults who reported some exertion during walking had poorer physical ftinction, more disability, greater fear of falling, and less confidence in walking than those who reported no exertion during walking. 
